Objective-To define the effects of therapeutic exercise on bone density and back complaints. Methods-A randomised controlled trial with parallel groups was conducted in an outpatient clinic, Medical School, University of Vienna. Ninety two sedentary postmenopausal women with back problems were randomly allocated to either exercise (groups 1 and 2) or control (group 3, no exercise, n=31); the exercise group was retrospectively subdivided into compliant (group 1, n=27) and not fully compliant patients (group 2, n=34). Regular, initially supervised therapeutic exercise aimed at restoring biomechanical function was performed for four years. Bone density in the forearm was measured by single photon absorptiometry at entry and after four years; subjective back complaints were documented. Results-A significant decrease in bone density was observed in groups 2 and 3; no change was noted in group 1; back complaints decreased in group 1 only.
After menopause bone fractures, particularly of the distal radius, hips, and vertebral bodies, increase significantly in parallel with the amount of bone loss. ' Similarly, the prevalence of back pain and disability increases as a function of the severity of osteoporosis and subsequent vertebral deformities. These factors highlight the need for effective prevention of osteoporosis. A sedentary lifestyle promotes bone loss, muscular weakness, faulty posture, and chronic back pain.56 On the other hand, physical activity may prevent osteoporosis,7 back pain,6 and bone fractures. 8 by testing for raised concentrations of follicle stimulating hormone (>30 mU/ml). All subjects also had to have normal values for complete blood cell count, urinalysis, serum glutamic oxaloacetic transaminase, alkaline phosphatase, bilirubin, electrolytes, total thyroxine, and parathyroid hormone.
All participants were randomly allocated (sealed envelope method) to a control group (group 3) or an exercise group. Women not showing up for follow up visits or women starting drug treatment for osteoporosis during the trial period were excluded from the study. According to the women' s compliance with the exercise programme, the experimental group was retrospectively divided into two subgroups: one performed the exercise programme regularly at least three times per week, each session lasting 20 minutes or longer (group 1); the other (group 2) interrupted treatment or exercised irregularly (less than one hour a week).
TREATMENT
The major exercises performed are depicted in figs 1, 2, and 3. The programme started with warm ups of moderate intensity (fig 1) , stretching exercises (fig 2) (mainly affecting iliopsoas, gastrocnemius, lateral rotation, pectoralis muscles, hamstrings), and exercises directed towards improving faulty posture, motor control, coordination, and mechanical efficiency during daily living (fig 3) . The latter group of exercises was designed according to Brunkow,9 Klein-Vogelbach,'0 Briigger, " and Knott.12 For facilitating postural stability, motor control, and coordination, unstable equipment was used (big gymnastic balls and elastic bands). To train movement patterns adapted to functional activities, repetitive exercises were performed (three repetitions for each exercise), using exercises where muscle tension forces from the peripheral sites of the extremities were linked to achieve simultaneous contraction of trunk stabilising muscles.
During the initial 20 sessions, exercises were supervised by a physiotherapist. Thereafter patients were instructed to perform the exercises regularly three times a week and record this in a diary. Patients were invited to supervised sessions at least 10 times per year.
The control group did not receive any exercise therapy. Additional treatments for back pain consisted of local heat, massage, and electrotherapy. Whenever needed, these were offered to both the exercise and the control group for a maximum of 20 sessions. In addition all patients received dietary instructions motivating them to eat calcium-rich food. No patient took drugs affecting bone metabolism or anti-inflammatory drugs.
ASSESSMENT AND FOLLOW UP At entry as well as after four years, osteoporotic vertebral deformities were diagnosed by three biplanar x rays of the thoracic and lumbar spine. Bone densities of the non-dominant forearm were measured by single photon absorptiometry (Osteodensitometer Nuclear Data 1 100 A TM; Schaumburg). Bone mineral content and bone width were estimated by calculating the mean of four distal (distal forearm) and six proximal (mid-forearm) scans distal to a radio-ulnar distance of 8 mm. The bone mineral content/bone width ratio was calculated as an indicator of forearm bone mineral density (BMD, g cm-').
Exercise therapy for osteoporosis We conclude that a long term regular exercise programme designed to improve postural stability, mobility, motor control, coordination, and mechanical efficiency is effective in the prevention of osteoporosis. It improves back complaints and may delay bone loss. Its influence on fracture rate needs further investigation.
